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1
READ OPERATION OF MRAM USING A
DUMMY WORD LINE

FIELD OF DISCLOSURE

Disclosed aspects are directed to accelerating read opera-
tions on magnetoresistive random access memory (MRAM).
More particularly, exemplary aspects are directed to activat-
ing a dummy word line to initiate and accelerate a settling
process for a reference voltage for reading bit cells of a row,
prior to determining whether there is a hit for the row in the
MRAM.

BACKGROUND

Magnetoresistive random access memory (MRAM) is a
non-volatile memory technology where data is stored based
on magnetization polarities of bit cells. In contrast to conven-
tional RAM technologies which store data as electric charges
or current flows, MRAM uses magnetic elements. A magnetic
tunnel junction (MTJ) which is conventionally used as a
storage element or bit cell for MRAM technology, can be
formed from two magnetic layers, each of which can hold a
magnetic moment, separated by an insulating (tunnel barrier)
layer. Conventionally, the fixed layer is set to a particular
polarity. The free layer’s polarity is free to change to match
that of an external magnetic field that can be applied. A
change in the polarity of the free layer will change the resis-
tance of the MT1J bit cell. For example, when the magnetiza-
tion polarities are aligned or “parallel,” a low resistance state
exists, which corresponds to a logical “0”. When the magne-
tization polarities are not aligned or are “anti-parallel,” a high
resistance state exists, which corresponds to a logical “1”.

While the MRAM offers many benefits in terms of costand
area, the read access speeds for MRAM remain significantly
lower than the read access speeds for conventional non-vola-
tile memories such as static random access memory (SRAM).
The read process foran MRAM generally involves determin-
ing the resistance of a particular bit cell. The resistance ofa bit
cell is variable, based on the alignment of the free layer and
the fixed layer of an MTJ bit cell as noted above. A same or
similar current is passed through an MTJ bit cell as well as a
reference cell of known resistance, where the reference cell is
usually set to a resistance which corresponds to a mid-way
resistance between that of a logical “1” and a logical “0”. The
voltage developed across the MTJ bit cell is compared to the
voltage developed across the reference cell. A higher voltage
across the MTJ bit cell implies that the data stored in the MTJ
is “1”” and a lower voltage across the MTJ bit cell implies that
the data stored in the MTJ is “0.” The above general process
is explained in further detail with reference to FIG. 1 below.

FIG. 1 illustrates a conventional MRAM system 100 which
includes MTJ bit cells 136a and 1365 of variable resistance.
MT1J bit cells 136a-b are addressable by a particular row and
column address. MT1J bit cells 136a-b belong to a row which
is selected when word line WL 130 is high. MTJ bit cells
136a-b are one of several MTJ bit cells (not shown) on the
same row, and as such, column muxes (not shown) are used to
select MTJ bit cells 136a-b from within the row. For this
column selection, the control signal read select RDSEL 128 is
used, which is based on the column address for MT]J bit cells
136a-b. In conventional designs, WL 130 is asserted first as
the row address can be decoded faster. RDSEL 128 is asserted
after a time delay following the assertion of WL 130 as it takes
longer in conventional designs to decode the column address.

In the illustrated example in FIG. 1, MTJ bit cell 1364 is
shown to have a resistance corresponding a parallel alignment
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and has a logical “0” stored therein, and MTIJ bit cell 1365
holds a resistance corresponding to an anti-parallel alignment
and has a logical “1” stored therein. Reference cells Rp 1384
and Rap 1386 are provided, which are MTIJ bit cells pro-
grammed to known resistance/logical values of “0” and “1”
respectively. Reference cells Rp 1384 and Rap 1385, when
coupled in parallel generate to generate an effective resis-
tance, say Rref.

A read operation for MRAM system 100 is now discussed
with reference to the timeline provided in FIG. 1B. Signal
voltage values are shown on the Y-axis and time is shown on
the X-axis. Word line WL 130 is asserted at time t101, which
turns on n-channel metal oxide semiconductor (NMOS) tran-
sistors 140a-b and 1424-b. After a time delay, read select
RDSEL 128 is asserted at time t102, which turns on NMOS
transistors 132a-b and 134a-b. In order to ensure that the
resistances (data values) stored in MT1J bit cells 136a-b are
sensed correctly and compared with the equivalent resistance
Rref ofthe reference cells, the read operation begins by equal-
izing all nodes. Particularly, equalization signal 118 is turned
on before commencing the read operation (e.g., at time 0),
which turns on the equalization/pass transistors 120a and
1204, which remain on until equalization signal 118 is deac-
tivated at time t104.

The signal VGCLAMP 126 (not shown in FIG. 1B) when
turned on, causes NMOS transistors 122a-b and 124a-b to be
turned on, which supplies the same current through MTJ bit
cells 136a-b and the reference cells Rp 138a and Rap 1385.
The gate terminals of load p-channel metal oxide semicon-
ductor (PMOS) transistors 114a-b are connected to their
respective drain terminals in order to form diodes, which
creates a voltage Vref at node 116. This voltage Vref 116 is
based on the effective resistance Rref. On the other hand, load
PMOS transistors 112a and 1125 generate voltages at nodes
COUTO0 1064 and COUT1 1065 based on the resistances of
MT] bit cells 136a and 1365 respectively. Initially, Vref 116
and COUTO0/1 106a-b are equalized to an initial voltage value
v101 based on equalization signal 118 being asserted. Once
RDSEL 128 is asserted, at time t103, Vref 116 and COUT0/1
106a-b start to change and move closer to a midpoint voltage
value v102. At time t104, equalization signal 118 is deacti-
vated. Atthis time, Vref'will reach its reference value of v103,
based on the current flowing through Rref and the diode
created at PMOS load transistors 114a-b. The voltage at
COUT0106a will startto voltage v105 which is lower voltage
than v103 due to the lower resistance corresponding to the
logical “0” stored in MTJ bit cell 136a. Similarly, COUT1
1065 will increase to voltage v104 which is a higher voltage
than v103 due to the higher resistance corresponding to the
logical “1” stored in MTJ bit cell 1364.

At time t107, voltage sense amplifiers (VSAs) 104a and
10454 are enabled by sense amplifier enable signal SAEN 103.
VSAs 104a-b are used to amplify the above voltage differ-
ences —AV1=v103-v105 and +AV2=v104-v103. The ampli-
fied voltage differences lead to sensing the logical value
stored in the MTJ bit cells 136a and 1365 as “0” and “1”
respectively at output nodes GDOUTO0 1024 and GDOUT1
1025 at time t108.

With reference to FIG. 1C, an example simulation of
sample signals during a read operation on MRAM system 100
is depicted. With combined reference to FIGS. 1B-C, it is
seen that it takes a time delay from when WL 130 is asserted
at time t101 to when Vref 116 settles to voltage v103 at time
t105. This settling time is required for Vref 116 to be stable
and provide a correct reference for sensing the resistance
values stored in MTJ bit cells 136a-b. This settling time is
shown to be as high as 2 ns in FIG. 1C. It takes an additional
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time after time t105 till time t107, where SAEN 103 is
asserted and eventually GDOUTO0/1 102a-b generate stable
read values of “0” and “1” respectively. In FIG. 1C, this time
taken from the settling of Vref 116 at time t104 to time t107
when SAEN 103 is asserted is also shown to be 2 ns. Thus, it
is seen that it takes approximately the same amount of time to
sense the data stored in the MT1J bit cells after Vref settles, as
the time it takes for Vref to settle from when WL 130 is
asserted.

Accordingly, the Vref settling time (e.g., t104-t101) is a
major contributor to the read access time for MRAM system
100. In comparison, SRAM systems do not require a similar
Vref settling time for reading SRAM bit cells. In general
MRAM read access speed is slower than that of SRAM. The
Vref settling time further deteriorates the MRAM read access
speeds. Accordingly, there is a need to improve the read
access speeds for MRAM systems.

SUMMARY

Exemplary aspects are directed to read operations on a
magnetoresistive random access memory (MRAM), based on
initiating and accelerating a process of obtaining a settled
reference voltage for reading MRAM bit cells, prior to deter-
mining whether there is a hit in the MRAM for the read
operation.

For example, an exemplary aspect is directed to a method
of'performing a read operation on a magnetoresistive random
access memory (MRAM), the method comprising: prior to
determining whether there is a hit in the MRAM for a first
address corresponding to the read operation, activating a
dummy word line based on at least a subset of bits of the first
address, obtaining a settled reference voltage for reading
MRAM bit cells of the MRAM at the first address, based on
the dummy word line, and if there is a hit, reading the MRAM
bit cells at the first address, using the settled reference volt-
age.

Another exemplary aspect is directed to an apparatus com-
prising: a magnetoresistive random access memory
(MRAM), logic configured to activate a dummy word line
based on at least a subset of bits of a first address correspond-
ing to aread operation on MRAM bit cells at the first address,
before it is determined whether there is a hit in the MRAM for
the first address, logic configured to obtain a settled reference
voltage for the read operation on the MRAM bit cells, based
on the dummy word line, and logic configured to perform the
read operation on the MRAM bit cells using the settled ref-
erence voltage if there is a hit.

Yet another exemplary aspect is directed to a system com-
prising a magnetoresistive random access memory (MRAM),
means for activating a dummy word line based on at least a
subset of bits of a first address corresponding to a read opera-
tion on MRAM bit cells at the first address, before it is
determined whether there is a hit in the MRAM for the first
address, means for obtaining a settled reference voltage for
the read operation on the MRAM bit cells, based on the
dummy word line, and means for performing the read opera-
tion onthe MRAM bit cells using the settled reference voltage
if there is a hit.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are presented to aid in the
description of embodiments of the invention and are provided
solely for illustration of the embodiments and not limitation
thereof.
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FIG. 1A illustrates a circuit diagram for a conventional
MRAM system.

FIGS. 1B-C illustrate timing diagrams for read operations
on a conventional MRAM system.

FIGS. 2A-B illustrates a schematic for a read operation on
a conventional set-associative cache.

FIG. 2C illustrates a timing diagram corresponding to the
read operation of a conventional set-associative cache com-
prising a MRAM.

FIGS. 3A-B illustrate an exemplary set-associative cache
comprising MRAM, configured for improved read access
speed according to aspects disclosed herein.

FIGS. 3C-D illustrate timing diagrams corresponding to
the exemplary set-associative cache of FIGS. 3A-B.

FIG. 4A illustrates a circuit diagram for an exemplary
MRAM system according to disclosed aspects.

FIG. 4B illustrates timing diagrams corresponding to the
exemplary MRAM system of FIG. 4A.

FIG. 5 illustrates a method of reading a MRAM according
to exemplary aspects.

FIG. 6 illustrates a block diagram showing an exemplary
wireless device in which exemplary aspects may be advanta-
geously employed.

DETAILED DESCRIPTION

Aspects of the invention are disclosed in the following
description and related drawings directed to specific embodi-
ments of the invention. Alternative embodiments may be
devised without departing from the scope of the invention.
Additionally, well-known elements of the invention will not
be described in detail or will be omitted so as not to obscure
the relevant details of the invention.

The word “exemplary” is used herein to mean “serving as
an example, instance, or illustration” Any embodiment
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other embodiments.
Likewise, the term “embodiments of the invention” does not
require that all embodiments of the invention include the
discussed feature, advantage or mode of operation.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of embodiments of the invention. As used herein, the
singular forms “a,” “an,” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises”, “comprising,” “includes,” and/or “including,” when
used herein, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

Further, many embodiments are described in terms of
sequences of actions to be performed by, for example, ele-
ments of a computing device. It will be recognized that vari-
ous actions described herein can be performed by specific
circuits (e.g., application specific integrated circuits
(ASICs)), by program instructions being executed by one or
more processors, or by a combination of both. Additionally,
these sequences of actions described herein can be considered
to be embodied entirely within any form of computer readable
storage medium having stored therein a corresponding set of
computer instructions that upon execution would cause an
associated processor to perform the functionality described
herein. Thus, the various aspects of the invention may be
embodied in a number of different forms, all of which have
been contemplated to be within the scope of the claimed
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subject matter. In addition, for each of the embodiments
described herein, the corresponding form of any such
embodiments may be described herein as, for example, “logic
configured to” perform the described action.

Exemplary aspects are directed to reducing the read access
speed for MRAMs using a dummy word line. Since settling
time for Vref 116 in the aforementioned conventional MRAM
system 100 depends on when word line 130 gets asserted, in
exemplary aspects, a dummy word line is used to initiate the
process of Vref'settling. Thus, rather than wait for row address
decoders to generate word line 130 at time t101, for example,
a dummy word line is asserted earlier. The dummy word line
causes triggers the Vref settling process, and by the time the
correct word line (e.g., WL 130 in MRAM system 100) is
asserted, Vref may already be settled and ready to provide a
stable reference for the read operation to follow. Thus, the
contribution of Vref settling time towards MRAM read access
speed can be minimized or effectively eliminated, which
improves the MRAM read access speeds in exemplary
aspects.

In order to provide the dummy word line, exemplary
aspects relate to modifying the process by which a memory
access address is used to generate row and column addresses
for reading a set of one or more bit cells in a memory array. In
order to explain the exemplary process, a brief description of
memory access will now be provided.

Conventionally, memory devices such as caches may be
configured with different replacement policies for cache
entries. In a direct mapped cache, each cache entry can only
be stored in one location, and thus, while locating a cache
entry may be easy, the hit rate may be low. In a fully associa-
tive cache, a cache entry can go anywhere in the cache, which
means that the hit rate may be high, but it may take longer to
locate a cache entry. A set-associative cache offers a compro-
mise between the above two replacement policies. In a set-
associative cache, a cache entry can go in one of “n” places in
the cache, which are also referred to as n ways. To locate a
cache entry in an n way set-associative cache, an “index” or a
subset of low order bits of a memory address for the cache
entry are used and each of the n ways are searched for this
index. The search through the n ways is in parallel. If there is
a hit in one of the n ways, then the cache entry is accessed
from the hitting way. If all the n ways miss, then there is a
cache miss.

The above process is explained in further detail with ref-
erence to FIG. 2A. In FIG. 2A, a schematic diagram for a
conventional set-associative cache 200 is shown, which
includes tag array 204 and data array 201. Data array 201 can
include MRAM or MT1J bit cells, such as in MRAM system
100. A read operation on cache 200 is performed using a read
address. InFIG. 2A, the read address is shown as address 202.
Address 202 is broken up into multiple fields including a tag
field (tag 202a), an index field (index 20254), and an offset
field (block 202¢). Tag 202a includes a subset of the most
significant address bits and block offset 202¢ includes a sub-
set of the least significant address bits. Since data may be
stored and addressed in bytes, for example, block offset 202¢
is used to address individual bits within each byte of data.
Index 2025 can exclude these least significant block offset
202c¢ bits in order to search for a particular data byte, for
example. Index 2025 points to a row of tag array 204, which
is compared with tag 202a to determine if there is a hit. State
206 includes information about whether a particular entry of
data array 201 is valid/dirty, etc.

In order to access cache 200 for data corresponding to
address 202, tag array 204 is first searched to determine if
there is a hit, and if there is, the location of the desired data
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within data array 201 is determined. Since cache 200 is set-
associative, tag array 204 comprises n ways 208. Index 2025
provides a particular row address, which points to a particular
row in each of the n ways 208. The data values stored in each
of'the n ways 208 at that particular row are compared with tag
202a in comparison block 212. If the data value at the par-
ticular row in one of the n ways 208 match tag 202a, then there
is a hit (hit 210). The particular way of the n ways 208 which
included the particular row which generated hit 210 is then
determined. Following this, data array 201 is accessed with
address 202 (assuming the corresponding state 206 shows
that the cache entry is in a valid state). In this regard, index
2025 is used to generate a row address in data array 201 and
the way 208 which generated the hit, provides the column
address.

InFIG. 2B, a section of data array 201 comprising selected
words and columns is illustrated for a particular example
where cache 200 is an 8-way set-associative cache. The col-
umn addresses which are derived from the ways are represen-
tatively shown to drive bit lines BL.0-7. Similarly, the row
addresses which are provided by index 20254 (also referred to
as a “set address™) are representatively shown to drive word
lines WL0-7. In conventional set-associative cache 200, col-
umn addresses for adjacent bit lines BL.O-7 are cycled through
the 8-ways. A same input/output (IO) port may be used for a
set of 8 bit lines BLO-7 from the 8 ways, Way0-7. Correspond-
ingly, the word lines WL0-7 are cycled through the 8 sets,
Set0-7.

Coming now to FIG. 2C, the above process for determining
the row and column addresses are related to the MRAM read
process described in FIGS. 1A-C, using the like reference
numerals for signals and time instances for ease of explana-
tion. In FIG. 2C, access of tag array 204 with address 202 is
commenced at time t0. Determining whether there is a hit in
tag array 204 and then eventually generating hit 210 is a
prerequisite to generating the row and column addresses in
the illustrated conventional design. Thus, word line WL is
asserted at time 101 following hit 210 being generated, which
is several clock cycles after time t0. Referring back to FIG.
1B, for example, the read process requires until time t107 for
outputs COUTO/1 to settle after Vref settling time and for
SAEN to be enabled. The read is finally complete to obtain
data values stored in the selected bit cells on outputs
GDOUTO0/1, nearly nine clock cycles after tag array 204 is
first accessed at time t0.

However, exemplary aspects speed up the time from t0 to
1107, for example in FIG. 2C by advancing the time when a
word line goes high to trigger the process of Vref'settling. For
this, the process of accessing the cache is altered. A dummy
word line is enabled sooner than an actual hit is generated and
the actual word line for a memory access is known. The
process of Vref'settling is initiated based on the dummy word
line being enabled. This exemplary process is now discussed
in the following sections.

With reference to FIG. 3A, set-associative cache 300 is
illustrated, which is similar in many aspects to cache 200 of
FIG. 2A. Cache 300 includes data array 301 which comprises
MRAM bit cells, or in other words, an MRAM array is inte-
grated in data array 301. An exhaustive description of similar
features between these two caches will be avoided for the sake
of brevity. Briefly, cache 300 is also set-associative and
address 302 comprising fields tag 302a, index 3024, and
block offset 302¢ are used to access tag array 304 to deter-
mine whether associated data is present in data array 301.
Once again, tag array 304 is organized into n ways 308 and
index 3026 is used to determine whether any of the n ways
308 hit, for example, for a first address corresponding to a
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read operation. If state 306 of the hitting entry is valid, tag
302aq is compared with the corresponding field in the hitting
entry of the hitting way to generate hit 310.

However, departing from the scope of conventional cache
200, in cache 300, at least a subset of bits of the first address,
such as a first portion of index 3025 (high order bits) are
combined with the way number of the way which delivered
the hit to generate the row address for data array 301. More-
over, the column address is formed by a second portion of
index 3025 (low order bits). Further, access of data array 301
is commenced before hit 310 is determined, as will now be
explained with reference to FIGS. 3B-C.

In FIG. 3B, a section of data array 301 comprising selected
words and columns is illustrated for a particular example
where cache 300 is an 8 way set-associative cache. In contrast
to FIG. 2B, the row addresses are based on the way number (in
addition to the first portion or high order bits of index 3025),
are representatively shown to drive word lines WL0-7. Addi-
tionally a dummy word line 350 is added, which is configured
to be asserted based on the first portion of index 3025. This
means that before the particular way number is known, the
word line can be any one of WL0-7. All these word lines
WLO0-7 share the subset of bits of the first address, i.e., the
same first portion of index 3025. Dummy word line 350 will
thus be asserted when any one of WL0-7 can be the correct
word line. The column addresses are provided by the second
portion or low order bits of index 3025 (also referred to as a
“set address”), which are representatively shown to drive bit
lines BL.0-7. Thus, in cache 300, column addresses for adja-
cent bit lines BLLO-7 are cycled through 8 sets, Set0-7 and. A
same input/output (I0) port may be used for a set of 8 bit lines
BL0-7 from the 8 sets Set0-7. Correspondingly, the word
lines WL0-7 are cycled through the 8 ways, Way0-7. Dummy
word line 350 may be common to all bit lines which share the
same 10 port, for example. Thus, dummy word line 350 may
be common two or more rows, such as, BL0-7 from set0-7,
and may drive a set of pre-programmed dummy cells (e.g., set
to resistance Rp). For another set, the dummy cells may be set
to Rap, for example. The dummy cells will be explained
further with reference to FIG. 4A.

Coming now to FIG. 3C, the effect of the above modified
association of address bits with row and column addresses of
data array 301 is illustrated. In FIG. 3C, access of tag array
304 with address 302 is commenced at time t0. However, in
this case, a hit is assumed (the case where this assumption
may be incorrect will be dealt with later). The bits of index
3025 are known at this time, and thus, dummy word line 350
can be activated or asserted using the first portion or high
order bits of index 3025 at time t301. The reference voltage
Vref is activated based on dummy cells (further explained in
following sections) which are connected to dummy word line
350. This means that the process of Vref settling is started
earlier, merely based on the dummy word line activation,
rather than waiting for confirmation of a hit, followed by
determination and activation of the correct word line address
(which happens later, at time t101' in FIG. 3C). Since Vref'is
activated earlier, Vref is already settled to provide a settled
reference voltage, by time t101' when hit 310 is determined
and the correct word line is asserted. Thus, the times taken for
settling of the nodes Vref and COUT0/1 are reduced. The
dummy word line can be disabled once the correct way is
determined and the correct word line is asserted at time t101'.
The output read data GDOUT0/1 is also available soon there-
after (merely 6.5 cycles after time t0, in contrast to the 9
cycles required in the case of conventional designs shown in
FIG. 2C). Thus, based on the use of the dummy word line to
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mask the Vref settling process, exemplary aspects can speed
up the read process for an MRAM array integrated in data
array 301.

As will be recalled, the above exemplary read process is
based on the assumption that there will be a hit in the cache,
and thus, the read process is started prior to determining a hit
and if there is a hit, where exactly the hitting entry will be
located within the cache. However, there is a possibility that
there may be a miss. Asserting dummy word line 350 is
performed at time t301 before it is known whether there will
be a hit or a miss. The case of a miss will be explained with
reference to FIG. 3D.

In FIG. 3D, it is seen that the dummy word line is asserted
attime 301 just like in FIG. 3C. However, in this case, at time
1101, following hit 310 not being asserted (i.e., indicating
there was a miss), none of the word lines will be activated.
Accordingly, at this time, the dummy word line is deactivated
and activation of the word lines is avoided. The attempted
read operation on cache 300 is complete at this stage. It will be
understood that the read operation may proceed to check a
next cache level or main memory, but those actions are
beyond the scope of this disclosure. With continued reference
to FIG. 3D, it is also seen that Vref and COUT0/1 may begin
settling based on the dummy word line being asserted at t301.
However, they will be reset to their initial states following hit
310 indicating a miss. Thus, in the case of a miss, only the
dummy word line is asserted in false anticipation of a hit, but
no other bit cells are disturbed. The SAEN signal also remains
off, so the sense amplifiers are not enabled, thus preventing
unnecessary power consumption.

The exemplary aspects of adding a dummy word line to
speed up the read access may involve dummy cells to be
activated, rather than the data cells which store data. Adding
such dummy cells is described by revisiting MRAM system
100 of FIG. 1A with the modifications for the exemplary
dummy cells included.

With reference to FIG. 4A, MRAM 400 is shown. MRAM
400 includes MRAM system 100 of FIG. 1, and additionally
includes dummy circuitry 450. Dummy circuitry 450
includes dummy data cells 402a-b and dummy reference cells
404a-b. Dummy data cells 402a-b are configured similar to
MT1I bit cells 136a-b, but the data values stored in them do not
pertain to actual data stored in the MRAM. Dummy reference
cells 404a-b are similar to reference cells 138a-b and they are
configured with a parallel resistance Rp (logic “0”) and an
anti-parallel resistance Rap (logic “17) resistive elements to
generate an effective resistance Rref. When dummy word line
350 is activated, NMOS transistors 406a-b and 408a-b are
turned on, which creates an alternative path for current to flow
through, and for initiating the settling of Vref 116.

FIG. 4B illustrates the corresponding timing diagram for
MRAM 400. In contrast to FIG. 1B, FIG. 4B reveals that
dummy word line assertion occurs at time t301. The column
address is made to correspond to dummy data cells 402a-5 at
time t302. Vref and COUT0/1 settling is initiated at time t303.
Notably, times t301, t302, and t303 occur prior to time t101'
when the actual word line is activated. Thus, the equalization
signal is deactivated and sensing operation to generate
COUT0/1 commences soon after time t101', at time t305. The
outputs GDOUT0/1 are thus available by time t308. Compar-
ing FIGS. 1B and 4B, it can be seen that time t308 is signifi-
cantly lower than time t108 when the outputs are available in
conventional MRAM system 100.

It will be appreciated that exemplary aspects include vari-
ous methods for performing the processes, functions and/or
algorithms disclosed herein. For example, as illustrated in
FIG. 5, an exemplary aspect can include a method starting at
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Block 500, where a read operation on a magnetoresistive
random access memory (MRAM) (e.g., 400 of FIG. 4A) is
started. The method includes, prior to determining whether
there is a hit in the MRAM for a first address corresponding to
the read operation, activating a dummy word line (e.g., 350 at
time t301 of FIG. 3C) based on at least a subset of bits (e.g.,
first portion of index 3025) of the first address—Block 502;
obtaining a settled reference voltage (e.g., Vref 116 of FIG.
4A) for reading MRAM bit cells (e.g., 136a-b of FIG. 4A) of
the MRAM at the first address, based on the dummy word
line—Block 504; and if there is a hit, reading the MRAM bit
cells at the first address, using the settled reference voltage—
Block 506.

initiating a read operation for a first address (e.g., 302) in
the MRAM—Block 500; prior to determining whether there
is ahitinthe MRAM for the first address: activating a dummy
word line (350) based on a subset of bits (e.g., first portion of
index 3025) of the first address; and initiating a settling pro-
cess for a reference voltage (e.g., Vref 116 of FIG. 4A) based
on dummy cells (e.g., 402a-b and 404a-b) connected to the
dummy word line—Block 502; obtaining a settled reference
voltage—Block 504; determining whether there is a hit (e.g.,
310) in the MRAM for the first address—DBlock 506; and if
there is a hit, activating a first word line (e.g., WL 130 of FIG.
4A)based on a row address determined from the first address,
and reading MRAM bit cells (e.g., 136a-b) connected to the
first word line based on the settled reference voltage—Block
508.

Referring now to FIG. 6, a block diagram of a particular
illustrative embodiment of a wireless device that includes
exemplary cache 300 is shown. Wireless device 600 includes
processor 664 coupled to memory 632. Wireless device 600 is
shown to include cache 300 of FIG. 3A, which may utilize the
exemplary aspects of accelerated Vref settling using a dummy
word line, as previously explained.

FIG. 6 also shows display controller 626 that is coupled to
processor 664 and to display 628. Coder/decoder (CODEC)
634 (e.g., an audio and/or voice CODEC) can be coupled to
processor 664. Other components, such as wireless controller
640 (which may include a modem) are also illustrated.
Speaker 636 and microphone 638 can be coupled to CODEC
634. FIG. 6 also indicates that wireless controller 640 can be
coupled to wireless antenna 642. In a particular embodiment,
processor 664, display controller 626, memory 632, CODEC
634, and wireless controller 640 are included in a system-in-
package or system-on-chip device 622.

In a particular embodiment, input device 630 and power
supply 644 are coupled to the system-on-chip device 622.
Moreover, in a particular embodiment, as illustrated in FIG. 6,
display 628, input device 630, speaker 636, microphone 638,
wireless antenna 642, and power supply 644 are external to
the system-on-chip device 622. However, each of display
628, input device 630, speaker 636, microphone 638, wireless
antenna 642, and power supply 644 can be coupled to a
component of the system-on-chip device 622, such as an
interface or a controller.

It should be noted that although FIG. 6 depicts a wireless
communications device, processor 664 and memory 632 may
also be integrated into a set-top box, a music player, a video
player, an entertainment unit, a navigation device, a personal
digital assistant (PDA), a mobile phone, a smart phone, a
laptop, a fixed location data unit, or a computer, and/or a
semiconductor die.

Those of'skill in the art will appreciate that information and
signals may be represented using any of a variety of different
technologies and techniques. For example, data, instructions,
commands, information, signals, bits, symbols, and chips that
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may be referenced throughout the above description may be
represented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or any
combination thereof.

Further, those of skill in the art will appreciate that the
various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embodi-
ments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To
clearly illustrate this interchangeability of hardware and soft-
ware, various illustrative components, blocks, modules, cir-
cuits, and steps have been described above generally in terms
of their functionality. Whether such functionality is imple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality in varying ways for each particular application, but
such implementation decisions should not be interpreted as
causing a departure from the scope of the present invention.

The methods, sequences and/or algorithms described in
connection with the embodiments disclosed herein may be
embodied directly in hardware, in a software module
executed by a processor, or in a combination of the two. A
software module may reside in RAM memory, flash memory,
ROM memory, EPROM memory, EEPROM memory, regis-
ters, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary
storage medium is coupled to the processor such that the
processor can read information from, and write information
to, the storage medium. In the alternative, the storage medium
may be integral to the processor.

Accordingly, an embodiment of the invention can include a
computer readable media embodying a method for operating
a multiprocessing system with disunited private-information
and shared-information caches. Accordingly, the invention is
not limited to illustrated examples and any means for per-
forming the functionality described herein are included in
embodiments of the invention.

While the foregoing disclosure shows illustrative embodi-
ments of the invention, it should be noted that various changes
and modifications could be made herein without departing
from the scope of the invention as defined by the appended
claims. The functions, steps and/or actions of the method
claims in accordance with the embodiments of the invention
described herein need not be performed in any particular
order. Furthermore, although elements of the invention may
be described or claimed in the singular, the plural is contem-
plated unless limitation to the singular is explicitly stated.

What is claimed is:

1. A method of performing a read operation on a magne-
toresistive random access memory (MRAM), the method
comprising:

prior to determining whether there is a hit in the MRAM for

a first address corresponding to the read operation, acti-
vating a dummy word line based on at least a subset of
bits of the first address;

obtaining a settled reference voltage for reading MRAM

bit cells of the MRAM at the first address, based on the
dummy word line; and

if there is a hit, reading the MRAM bit cells at the first

address, using the settled reference voltage.

2. The method of claim 1, wherein the MRAM is integrated
in a data array of a set-associative cache with two or more
ways, and the subset of bits of the first address correspond to
a first portion of an index field for accessing a tag array
associated with the data array.
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3. The method of claim 2, comprising determining a col-
umn address for the MRAM bit cells from a second portion of
the index field.
4. The method of claim 1, wherein if there is a miss,
deactivating the dummy word line and avoiding activation of
a first word line coupled to the MRAM bit cells.
5. The method of claim 1, further comprising deactivating
the dummy word line after a first word line coupled to the
MRAM bit cells is activated for the read operation.
6. The method of claim 1, wherein the settled reference
voltage is derived from dummy cells connected to the dummy
word line.
7. The method of claim 6, wherein the dummy word line
and the dummy cells are common to two or more rows of the
MRAM.
8. An apparatus comprising:
a magnetoresistive random access memory (MRAM);
logic configured to activate a dummy word line based on at
least a subset of bits of a first address corresponding to a
read operation on MRAM bit cells at the first address,
before it is determined whether there is a hit in the
MRAM for the first address;

logic configured to obtain a settled reference voltage for the
read operation on the MRAM bit cells, based on the
dummy word line; and

logic configured to perform the read operation on the

MRAM bit cells using the settled reference voltage if
there is a hit.

9. The apparatus of claim 8, wherein the MRAM is inte-
grated in a data array of a set-associative cache with two or
more ways, and the subset of bits of the first address corre-
spond to a first portion of an index field of a tag array asso-
ciated with the data array.

10. The apparatus of claim 9, comprising logic configured
to determine a column address for the MRAM bit cells from
a second portion of the index field.

11. The apparatus of claim 8, comprising logic configured
to deactivate the dummy word line and avoid activation of a
first word line coupled to the MRAM bit cells if there is a
miss.

12. The apparatus of claim 8, further comprising logic
configured to deactivate the dummy word line after a first
word line coupled to the MRAM bit cells is activated for the
read operation.
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13. The apparatus of claim 8, wherein the settled reference
voltage is derived from dummy cells connected to the dummy
word line.

14. The apparatus of claim 13, wherein, the dummy word
line and the dummy cells are common to two or more rows of
the MRAM.

15. The apparatus of claim 8 integrated in a semiconductor
die.

16. The apparatus of claim 8, integrated in a device selected
from the group consisting of a set-top box, music player,
video player, entertainment unit, navigation device, commu-
nications device, personal digital assistant (PDA), fixed loca-
tion data unit, mobile phone, and a computer.

17. A system comprising:

a magnetoresistive random access memory (MRAM);

means for activating a dummy word line based on at least a

subset of bits of a first address corresponding to a read
operation on MRAM bit cells at the first address, before
it is determined whether there is a hit in the MRAM for
the first address;

means for obtaining a settled reference voltage for the read

operation on the MRAM bit cells, based on the dummy
word line; and

means for performing the read operation on the MRAM bit

cells using the settled reference voltage if there is a hit.

18. The system of claim 17 further comprising means for
deactivating the dummy word line and avoid activation of a
first word line coupled to the MRAM bit cells if there is a
miss.

19. The method of claim 1, comprising activating the
dummy word line based on at least the subset of bits of the first
address, prior to activating a first word line coupled to the
MRAM bit cells at the first address.

20. The apparatus of claim 8, comprising logic configured
to activate the dummy word line based on at least the subset of
bits of the first, before a first word line coupled to the MRAM
bit cells at the first address is activated.

21. The system of claim 17 comprising means for activat-
ing the dummy word line based on at least the subset of bits of
the first address, before a first word line coupled to the
MRAM bit cells at the first address is activated.
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